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????? k ?????????????????????? (c1; : : : ; ck) ????
??????????????????????????????????????
????????????????????????????????
? 1.1??3??????????????? 3????????????? 1?
???? 1?3???????????????????????(a)???????
???????? 1 ??? 2??? 2 ??? 3??? 3 ??? 1 ????? 10 ??
????????(b)??????????????????????? 1???? 2
????????? 2???? 3?????????? 3???? 1???????
??????????????????????
1. ?? 1? 10?????????? 2? 10???????
2. ?? 2??? 1??????? 10????????? 3? 10???????
3. ?? 3??? 2??????? 10????????? 1? 10???????
?????? 1? 10?????????????????????????????
?????(c)????????????????????????????????
?????????? 1? 10??? 2? 0??? 3? 0?????????? 10?
???
? 1.2?????????????????????????? 1???? 2??
??????? 3???? 1?????????? 2???? 3?????????
????????????????????
? 1.1 ????????? 1
5? 1.2 ????????? 2
1. ?? 1? 10?????????? 2? 10???????
2. ?? 3? 10?????????? 1? 10???????
3. ?? 2??? 1??????? 10????????? 3? 10???????
?????? 1??? 3????? 10?????????????????????
?????????????????????????????????? 1? 10?





















































n??????? k ??????????????????? V =?v1; :::; vn??
???????? E =?e1; :::; ek?????????? G = (V;E) ???????
??????? v ? 1????????????? e = (vi; vj)??? vi ? vj ??
??????????????????????????????? p(e) 2 R+ ??
????? e???????????????????? v ?????+v ????
v ????????????? v ? v ????????????????????









? 2.1 ??n = 6; k = 9 ?????????V =?v1; :::; v6?? 6 ???????
??E =?e1; :::; e9?? 9???????????????????????????
???????????????????????????p(e1) = 30????v6 ?
? 2.1 ??? 2.1(a)
8v1 ???? 30??????????????????
????? f ?????????????f(ek) ???? ek ?????????
??????????? f ????????????????????? c(f)???
c(vi)???? vi ??????????????????????????????
?????????






s.t. @p(v)  c(v)  0 8v 2 V
c(v)  0 8v 2 V
? 2.2???????????????? 1? 9???????????????
????????f(e1) = 1??????????????????????????
????????????????
1. v6 ? 30????????v1 ? 30???????
2. v1 ? v6 ??????? 30??????? v2 ? 20???????
3. v2 ? 10????????v2 ??????? 20???????? v3 ? 30?
??????
4. v3 ? v2 ??????? 30??????? v4 ? 20???????
5. v4 ? 10????????v3 ??????? 20???????? v5 ? 30?
??????
? 2.2 ??? 2.1(b)
96. v5 ? v4 ??????? 30??????? v6 ? 20???????
7. v6 ? v5 ??????? 20??????? v2 ? 10???????
8. v2 ? v6 ??????? 10??????? v4 ? 10???????
9. v4 ? v2 ??????? 10??????? v6 ? 10???????
????v6 ? 30?v2 ? v4 ? 10???????????????????????






1. v6 ? 30????????v1 ? 30???????
2. v1 ? v6 ??????? 30??????? v2 ? 20???????
3. v2 ? 10????????v2 ??????? 20???????? v3 ? 30?
??????
4. v3 ? v2 ??????? 30??????? v4 ? 20???????
5. v4 ? 10????????v3 ??????? 20???????? v5 ? 30?
??????
6. v5 ? v4 ??????? 30??????? v6 ? 20???????
7. v6 ? v5 ??????? 20??????? v4 ? 10???????
? 2.3 ??? 2.2
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8. v4 ? v6 ??????? 10??????? v2 ? 10???????
9. v2 ? v4 ??????? 10??????? v6 ? 10???????
????v6 ? 30?v2 ? v4 ? 10???????????????????????



















? 2.4???????????????v1; v3; v5 ?????????????? 1
??????????? 0???????v2; v4; v6 ?????????????? 2
??????????? 0???????????????????? 0??????
???????????????????????????????????v6 ??










????? N ????? i???? si???? vi ???????????????









xi 2?0; 1; 2; :::? 8i 2 N
???????????????????? (= 0; 1; 2; :::; b)?????????
f()??????????? si ???????????????????????




?f(   si) + vi? 8  Smin
?????????????????????????????????????










? G = (V;E) ??????????? V?????? E ???????????
????????s 2 V; t 2 V (s ? t) ???????????? c(e) 2 R????
k(e) 2 R??????? f 2 R????e???????? x(e)????????
??????????
0  x(e)  c(e) (1)
??????????? u?????u???????? u????????? @x(u)
??????????????????????







s.t. 0  x(e)  c(e) 8e 2 E











G = (V;E) ?????E ???? k ????????????????????
??? v ?????????????? ck(E; v)????k = 1?????????
???
c1(?(u; v)?; v) = p(e)
????k  2????ck(E; v)? ck 1(E; v)???????
ck(E; v) = ck 1(E; v) + i(t; u; v)
???????????i(t; u; v) ????? u ??????? (u; v) ???????
??????? t???? (t; u)?????(t; u)? (u; v)????????????
???????????????? (t; u); (u; v)???????? p(etu); p(euv)??
?? i(t; u; v)??
i(t; u; v) = max(0; p(etu)  p(euv))
?????????????? E ???????????????????????
????
? 3.1 ? 3.1 ????V =?v1; :::; v6??E =?e1; :::; e9????v = v6 ????
ck(E; v6)???????????? p(e)??
p(e1) = 30; p(e2) = 20; p(e3) = 30;
p(e4) = 20; p(e5) = 30; p(e6) = 20;
p(e7) = 10; p(e8) = 10; p(e9) = 10
???????????e1? e2? e3? e4? e5? e6? e7? e8? e9 ?????k = 1
????
c1(?e9?; v6) = 10
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? 3.1 ??? 3.1
??????? k  2????????????????
c2(?e8; e9?; v6)
= c1(?e9?; v6) + i(v4; v2; v6)
= 10 +max(0; 10  10)
= 10
c3(?e7; e8; e9?; v6)
= c2(?e8; e9?; v6) + i(v6; v4; v2)
= 10 + max(0; 10  10)
= 10
c4(?e6; e7; e8; e9?; v6)
= c3(?e7; e8; e9?; v6) + i(v5; v6; v4)
= 10 +max(0; 20  10)
= 20
c5(?e5; e6; e7; e8; e9?; v6)
= c4(?e6; e7; e8; e9?; v6) + i(v4; v5; v6)
= 20 +max(0; 30  20)
= 30
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c6(?e4; e5; e6; e7; e8; e9?; v6)
= c5(?e5; e6; e7; e8; e9?; v6) + i(v3; v4; v5)
= 30 +max(0; 20  30)
= 30
c7(?e3; e4; e5; e6; e7; e8; e9?; v6)
= c6(?e4; e5; e6; e7; e8; e9?; v6) + i(v2; v3; v4)
= 30 +max(0; 30  20)
= 40
c8(?e2; e3; e4; e5; e6; e7; e8; e9?; v6)
= c7(?e3; e4; e5; e6; e7; e8; e9?; v6) + i(v1; v2; v3)
= 40 + max(0; 20  30)
= 40
c9(?e1; e2; e3; e4; e5; e6; e7; e8; e9?; v6)
= c8(?e2; e3; e4; e5; e6; e7; e8; e9?; v6) + i(v6; v1; v2)
= 40 +max(0; 30  20)
= 50
?????????? 50??????????????????
? 3.2 ???????????????????????????? 3.1?????
??????e1? e2? e3? e4? e8? e9? e7? e5? e6 ???? 3.1???????
??k = 1????
c1(?e6?; v6) = 20
??????? k  2????????????????
c2(?e5; e6?; v6)
= c1(?e6?; v6) + i(v4; v5; v6)
= 20 +max(0; 30  20)
= 30
c3(?e7; e5; e6?; v6)
= c2(?e5; e6?; v6) + i(v6; v4; v5)
= 30 + max(0; 10  30)
= 30
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c4(?e9; e7; e5; e6?; v6)
= c3(?e7; e5; e6?; v6) + i(v2; v6; v4)
= 30 +max(0; 10  10)
= 30
c5(?e8; e9; e7; e5; e6?; v6)
= c4(?e9; e7; e5; e6?; v6) + i(v4; v2; v6)
= 30 +max(0; 10  10)
= 30
c6(?e4; e8; e9; e7; e5; e6?; v6)
= c5(?e8; e9; e7; e5; e6?; v6) + i(v3; v4; v2)
= 30 +max(0; 20  10)
= 40
c7(?e3; e4; e8; e9; e7; e5; e6?; v6)
= c6(?e4; e8; e9; e7; e5; e6?; v6) + i(v2; v3; v4)
= 40 +max(0; 30  20)
= 50
c8(?e2; e3; e4; e8; e9; e7; e5; e6?; v6)
= c7(?e3; e4; e8; e9; e7; e5; e6?; v6) + i(v1; v2; v3)
= 50 + max(0; 20  30)
= 50
c9(?e1; e2; e3; e4; e8; e9; e7; e5; e6?; v6)
= c8(?e2; e3; e4; e8; e9; e7; e5; e6?; v6) + i(v6; v1; v2)
= 50 +max(0; 30  20)
= 60
?????????? 60???????????k = 6????????????
??????
c6(?e4; e8; e9; e7; e5; e6?; v6) = 30;
c7(?e3; e4; e8; e9; e7; e5; e6?; v6) = 40;
c8(?e2; e3; e4; e8; e9; e7; e5; e6?; v6) = 40;
c9(?e1; e2; e3; e4; e8; e9; e7; e5; e6?; v6) = 50
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????k = 6 ?????????? e4? e8? e9? e7? e5? e6 ????????
v4 ????????????????????v4 ??v3 ?? 20???????? v2
? 10??????????10??????????????????? v6 ????
??? 10???????????????? 10? v5 ? 30???????????
???????v4 ?????????????????????????v4 ????
??? 20????
? 3.3 ????????????????????????????????? 3.2
??? 3.1????????????????????? 3.2????V =?v2; :::; v6
??E =?e4; :::; e9????v = v6 ???? ck(E; v6)???????????v4 ??
???????????????????????? p(e)??
p(e4) = 20; p(e5) = 30; p(e6) = 20;
p(e7) = 10; p(e8) = 10; p(e9) = 10
????k = 1????
c1(?e6?; v6) = 20
??????? k  2????????????????
c2(?e5; e6?; v6)
= c1(?e6?; v6) + i(v4; v5; v6)
= 20 +max(0; 30  20)
= 30
? 3.2 ??? 3.2
18
c3(?e7; e5; e6?; v6)
= c2(?e5; e6?; v6) + i(v6; v4; v5)
= 30 + max(0; 10  30)
= 30
c4(?e9; e7; e5; e6?; v6)
= c3(?e7; e5; e6?; v6) + i(v2; v6; v4)
= 30 +max(0; 10  10)
= 30
c5(?e8; e9; e7; e5; e6?; v6)
= c4(?e9; e7; e5; e6?; v6) + i(v4; v2; v6)
= 30 +max(0; 10  10)
= 30
c6(?e4; e8; e9; e7; e5; e6?; v6)
= c5(?e8; e9; e7; e5; e6?; v6) + i(v3; v4; v2)
= 30 +max(0; 20  10)
= 40
?????????? 40???????????k = 6????????????
????
c6(?e4; e8; e9; e7; e5; e6?; v6) = 30
????k = 6 ?????????? e4? e8? e9? e7? e5? e6 ????????
v4 ????????????????????v4 ??v3 ?? 20???????? v2
? 10??????????10??????????????????? v6 ????





????????????? k   1 ??????????????????????
k = 1??????? e???? p(e)?????????????
c1(?(u; v)?; v) = p(e)
????k  2????ck(E; v)? ck 1(E; v)???????
ck(E; v) = ck 1(E; v) + i(t; u; ck 1)
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???????????i(t; u; ck 1)????? u?????????? ck 1 ???
????????? t???? (t; u)???????? t; u????????????
???????????????? (t; u)???? p(etu)?????i(t; u; ck 1)??
i(t; u; ck 1) = max(0; p(etu)  ck 1)
???????
? 3.4 ? 3.2????????k = 1????
c1(?e6?; v6) = 20
??????? n  2????????????????
c2(?e5; e6?; v6)
= c1(?e6?; v6) + i(v4; v5; c1)
= 20 +max(0; 30  20)
= 30
c3(?e7; e5; e6?; v6)
= c2(?e5; e6?; v6) + i(v6; v4; c2)
= 30 + max(0; 10  30)
= 30
c4(?e9; e7; e5; e6?; v6)
= c3(?e7; e5; e6?; v6) + i(v2; v6; c3)
= 30 +max(0; 10  30)
= 30
c5(?e8; e9; e7; e5; e6?; v6)
= c4(?e9; e7; e5; e6?; v6) + i(v4; v2; c4)
= 30 +max(0; 10  30)
= 30
c6(?e4; e8; e9; e7; e5; e6?; v6)
= c5(?e8; e9; e7; e5; e6?; v6) + i(v3; v4; c5)





? 3.5 ? 3.1???????????e1? e2? e3? e4? e5? e6? e7? e8? e9 ?
???????k = 1????
c1(?e9?; v6) = 10
??????? n  2????????????????
c2(?e8; e9?; v6)
= c1(?e9?; v6) + i(v4; v2; c1)
= 10 +max(0; 10  10)
= 10
c3(?e7; e8; e9?; v6)
= c2(?e8; e9?; v6) + i(v6; v4; c2)
= 10 + max(0; 10  10)
= 10
c4(?e6; e7; e8; e9?; v6)
= c3(?e7; e8; e9?; v6) + i(v5; v6; c3)
= 10 + max(0; 20  10)
= 20
c5(?e5; e6; e7; e8; e9?; v6)
= c4(?e6; e7; e8; e9?; v6) + i(v4; v5; c4)
= 20 +max(0; 30  20)
= 30
c6(?e4; e5; e6; e7; e8; e9?; v6)
= c5(?e5; e6; e7; e8; e9?; v6) + i(v3; v4; c5)
= 30 +max(0; 20  30)
= 30
c7(?e3; e4; e5; e6; e7; e8; e9?; v6)
= c6(?e4; e5; e6; e7; e8; e9?; v6) + i(v2; v3; c6)
= 30 +max(0; 30  30)
= 30
c8(?e2; e3; e4; e5; e6; e7; e8; e9?; v6)
= c7(?e3; e4; e5; e6; e7; e8; e9?; v6) + i(v1; v2; c7)
= 30 + max(0; 20  30)
= 30
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c9(?e1; e2; e3; e4; e5; e6; e7; e8; e9?; v6)
= c8(?e2; e3; e4; e5; e6; e7; e8; e9?; v6) + i(v6; v1; c8)
= 30 + max(0; 30  30)
= 30
?????????? 40???????????k = 7????????????
??????
c7(?e3; e4; e5; e6; e7; e8; e9?; v6) = 40;
c8(?e2; e3; e4; e5; e6; e7; e8; e9?; v6) = 40;






















?? @p(v)????????????????? v????????? c(v)????
??????
@p(v)  c(v)  0 8v 2 V (3)
???????????@p(v) < 0???????? v ?????????????
??????????????c(v)??










s.t. @p(v)  c(v)  0 8v 2 V





? 4.1 ??? 3.2
? 4.1 ? 4.1??? 3.1????????????????????? 3.2????
V =?v2; :::; v6??E =?e4; :::; e9???????????? p(e)??
p(e4) = 20; p(e5) = 30; p(e6) = 20;
p(e7) = 10; p(e8) = 10; p(e9) = 10
?????????????????????????????????????
@p(v)??
@p(v2) = 10  10 = 0;
@p(v3) = 20  0 = 20;
@p(v4) = (10 + 30)  (20 + 10) = 10;
@p(v5) = 20  30 =  10;
@p(v6) = (10 + 0)  (10 + 20) =  20
????v3 ? 20?v4 ? 10??????????v2 ???????????????
????????v5 ? 10?v6 ? 20??????????????????????
???????????????? c(v)??
c(v2) = 0; c(v3) = 20; c(v4) = 10;





? 4.2 ? 4.2????? 3.1????????????????????? 0???
?????????????????????e1? e2? e3? e4? e5? e6? e7? e8
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? 4.2 ??? 3.1
? e9 ??????????????????? p(e)??
p(e1) = 30; p(e2) = 20; p(e3) = 30;
p(e4) = 20; p(e5) = 30; p(e6) = 20;
p(e7) = 10; p(e8) = 10; p(e9) = 10
?????????????????????????????????????
@p(v)??
@p(v1) = 20  30 =  10;
@p(v2) = (30 + 10)  (20 + 10) = 10;
@p(v3) = 20  30 =  10;
@p(v4) = (30 + 10)  (20 + 10) = 10;
@p(v5) = 20  30 =  10;
@p(v6) = (30 + 10)  (20 + 10) = 10
???????????????????????? c(v)??
c(v1) = 0; c(v2) = 10; c(v3) = 0;






c(v1) = 0; c(v2) = 10; c(v3) = 0;








??????????????????? 4.2? v2; v4; v6 ?????c(v)?????
?????????
c(v2) = 10 + 0 = 10;
c(v4) = 10 + 0 = 10;





???????????????????????????? 4.3 ????V =?
v1; :::; v6??E =?e1; :::; e9???????????? p(e)??
p(e1) = 30; p(e2) = 20; p(e3) = 30;
p(e4) = 20; p(e5) = 30; p(e6) = 20;
p(e7) = 10; p(e8) = 10; p(e9) = 10
????v1; v3; v5 ?????????? 1????? 2???????????-1?




??? 1?-1????? 1????????????????????????? 0
?????????????????? 4.3?????? 2???????????
????
? 4.3 ? 4.4??? 4.3? (v4; v3); (v6; v5)? 2????????????????
?????????v1 ?-1?v2 ? 1?v3; :::; v6 ? 0??????v1 ????v2 ??
?????????????? 1?11???????????????c(v)??
c(v1) = 20; c(v2) = 10; c(v3) = 0;
c(v4) = 10; c(v5) = 0; c(v6) = 10












? 4.4 ? 4.5??? 4.3? (v2; v1); (v4; v5); (v6; v3)? 3????????????
??????????????????????? 0??????????????
???????????????????????????????????BEST
?? [6] [7]?????????????v1 ?????? 1?12?????????
? 4.5 ??????? 3?????
28
??????c(v)??
c(v1) = 30; c(v2) = 0; c(v3) = 0;
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